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Nanostructure and Thermal Effects Dependent on the Film Thickness in
Poly(3-hexylthiophene):Phenyl-C61-butyric Acid Methyl Este(P3HT:PCBM)
Films Fabricated by 1,2-Dichlorobenzene Solvent for Organic Photovoltaics
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Film thickness

Abstract: dependent

nanostructure evolution by a post

annealing was investigated in poly

(3-hexylthiophene):phenyl-C61-butyric acid methyl ester(P3HT:PCBM) films for organic solar cells which were fabricated
by dichlorobenzene(DCB) solvent. In case of a 70nm thin film, the thermal annealing process affected to slight increment
of the P3HT crystals in the surface region. On the other hand, large number of small sized P3HT crystals near the
surface region was formed in the 200nm thick film. The solar cell devices showed the 3% power conversion
efficiency(PCE) in 1:0.65 and 1:1 ratio(by weight) of P3HT and PCBM in 70nm and 200nm thickness conditions,
respectively. Despite to the similar PCE, the short circuit current Jsc was different in 70nm and 200nm devices, which
was related to the different nanostructure of P3HT:PCBM after thermal annealing.
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Fgure 1. (a) AFM image of P3HT:PCBM(1:1 by weight) film fabricated by CB solvent. (b), (c) AFM images of P3HT:PCBM films
fabricated by DCB solvent. The ratio of P3HT:PCBM was 1:1 by weight in (b), while it was 1:0.65 by weight in (c), respectively.
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Figure 2. (a) and (b) are the P3HT(100) crystal size from GIWAXS data in 70nm and 200nm thick films, respectively.
The information of the surface region was obtained when the x-ray incident angle o was 0.10° (blue lines), while the

information from the bulk region was obtained in case of o = 0.15° (red lines).
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Figure 3. (a) and (b) are the integrated intensity of P3HT(100) diffraction peak from the GIWAXS data. The information of
the surface region was obtained when the x-ray incident angle o was 0.10° (blue lines), while the information from the

bulk region was obtained in case of a = 0.15° (red lines).
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Figure 4. J-V characteristic curves of OPV devices with
70nm thick and 200nm thick active layers. All devices
were fabricated by DCB solvent.
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Table 1. The detail performance of OPV with 70nm thick and 200nm thick active layers. All devices were fabricated by
DCB solvent
Device Active layer Electrode Post annealing Jsc(mA/cmz) Voe(V) FF
DCB 1:0.65 70nm Al 110°C 10min 7.9 0.59 0.65
DCB 1:1 200nm Al 110°C 10min 8.4 0.55 0.64
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